This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



» 14' 



MEDICAL CHARGED PARTICLE IRRADIATION APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a medical charged particle 
irradiation apparatus for using charged particles to treat 
cancer, lump and so on. 

2. Description of the Related Art 

A medical charged particle irradiation apparatus for 
irradiating charged particles such as proton, carbon ion, or 
the like on an affected part of a patient to treat cancer, lump 
and so on injects charged particles, which are generated in 
an ion source and accelerated by a synchrotron or the like, 
to guide the same to an irradiation field forming means 
containing a collimator or the like, and irradiates the charged 
particles on a patient lying below the irradiation field forming 
means after an irradiation field conformed to a configuration 
of the affected part is formed in the irradiation field forming 
means . 

At this time, a patient ordinarily lies on a patient's 
bed with the face upward, and it is necessary to perform 
irradiation from an appropriate angular position (for example, 
from upward or from substantially horizontally, or the like) 
in accordance with position and state of the affected part. 
Also, exposure dose from various directions is suppressed while 
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irradiation is made on the affected part from a plurality of 
directions (multiple-field) , whereby .there is produced an 
effect that a predetermined exposure dose on the affected part 
can be achieved depending upon a weight of the part and exposure 
dose on other portions than the affected part can be lowered 
to reduce unnecessary exposure. 

For example , Japanese Patent Laid-Open No, 192419/1993 
describes a rotary irradiation therapeutic device as a prior 
art taking account of the above. This device comprises a 
substantially cylindrical-shaped rotary frame , an outer 
periphery of which is rotatably supported by rollers, and which 
mounts therein transport means (deflecting device and vacuum 
duct) , irradiation field forming means (beam ad justing device) , 
and an irradiation chamber provided with a patient ' s bed 
(irradiation bed). The transport means injects charged 
particle beams at a diametrically central portion of the rotary 
frame to transport the same to the irradiation field forming 
means while swinging up the same toward a diametrically outer 
periphery. The irradiation field forming means is arranged on 
a diameter passing an axis of rotation of the rotary frame to 
cause beams to be injected diametrically inwardly of the rotary 
frame from a distal end of the transport means arranged on the 
outer periphery of the rotary frame and to form an irradiation 
field for the beams to cause the beams to be injected into the 
irradiation chamber. The irradiation chamber is rotatably 
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(turnably on its axis) arranged (in other words , rotatable 
about an axis of rotation of the rotary frame) on a beam emission 
side position of the irradiation field forming means in the 
rotary frame to constantly maintain the patient's bed 
substantially horizontal irrespective of a rotating position 
of the rotary frame. 

m 

With such construction, in the case where it is desirable 
to irradiate beams from, for example , above the affected part 
in accordance with position and state of the affected part, 
the rotary frame is turned to position the transport means on 
an upper side and the irradiation chamber on a lower side to 
cause beams having been swung up substantially vertically 
upward from the diametrically central portion of the rotary 
frame to be passed downward to be irradiated on the patient's 
bed in the irradiation chamber disposed below the irradiation 
field forming means from above. Also, in the case where it is 
desirable to irradiate beams from, for example, laterally 
(horizontal direction) of the affected part, the rotary frame 
is turned to position the transport means on one lateral side 
(for example, lefthand) and the irradiation chamber on the 
other lateral side (for example, righthand) to cause beams 
having been swung up leftward from the diametrically central 
portion of the rotary frame to be passed horizontally from 
lefthand to righthand to be horizontally irradiated on the 
patient • s bed in the irradiation chamber disposed rightwardly 
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of the irradiation field forming means'. 

However , the above prior art involves the following 
problems . 

That is r the prior art provides a construction, in which 
the rotary frame provided with the irradiation chamber capable 
of turning on its axis is turned in order to irradiate beams 
from above and - in a horizontal direction in accordance with 
a position of the affected part or the like as described above. 
As a result , a heightwise position of the patient's bed is 
considerably varied as the irradiation chamber makes a circular 
motion (vertical movement) due to turning of the rotary frame. 
Concretely , since a rotating irradiation body provided with 
the transport means and the irradiation field forming means 
has a turning diameter of , for example , around 5 m, a distance, 
over which the patient's bed rises from a lowest position for 
irradiation from above to a lateral position for irradiation 
from horizontal irradiation , amounts to about 2.5 m 
corresponding to a radius of rotation. 

With the above prior art, a moving capsule capable of 
following the positional variation of the patient's bed is 
separately provided in juxtaposition to one sense of an axial 
direction of the rotary frame to cope with the situation, and 
a physician (or a technician) performing the irradiation 
preparing/ascertaining work can get on the moving capsule to 
easily reach a position of the patient's bed for improvement 
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in convenience. However , because of the need of providing such 
moving mechanism as the moving capsule separate from the rotary 
frame, the entire device becomes large in size (in particular , 
in the axial direction of the rotary frame) and the mechanism 
is made complex. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a medical charged 
particle irradiation apparatus capable of irradiation from 
upward and horizontal directions and performing a 
preparing/ascertaining work without the provision of any 
separate moving mechanism such as a moving capsule or the like. 

(1) In order to attain the above object , the invention 
provides a medical charged particle irradiation apparatus for 
irradiating charged particles on an affected part of a patient , 
comprising a patient ' s bed, on which a patient lies , a transport 
equipment for injecting and transporting charged particle 
beams toward the patient's bed, an irradiation field forming 
means for forming an irradiation field for the beams 
transported by the transport equipment, and a rotating 
irradiation body provided to be rotatable about an axis of 
rotation, and wherein the irradiation field forming means is 
eccentrically arranged such that an axis of irradiation thereof 
passes a position different from the axis of rotation, and the 
patient's bed is arranged on an opposite side of the transport 
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equipment to a plane , which .contains the axis of rotation and 
is substantially perpendicular to the, axis of irradiation. 

In the case where it is desirable to enable irradiation 
from above to laterally (a substantially horizontal direction) 
in a state , in which a patient lies with the face upward , an 
irradiation device capable of varying a direction of 
irradiation f rfem upward to either of right and left senses in 
a substantially horizontal direction (in other words, variable 
in the range of , for example, 90°) relative to an affected part 
will do provided that irradiation is performed with a head and 
feet reversed when a patient lies. 

In consideration in the variable range of 90°, with the 
above prior art, the patient's bed is in a lowest position at 
the time of upward irradiation and in a lateral position at 
the time of horizontal irradiation where the rotating 
irradiation body is turned 90° with the result that a distance, 
over which the patient's bed rises from the lowest position 
to the lateral position amounts to, for example, about 2.5m 
substantially corresponding to a radius of the rotating 
irradiation body. 

In contrast, according to the invention, the axis of 
irradiation of the irradiation field forming means is made 
eccentric so as to pass a different position from the center 
of rotation (in other words, the axis of irradiation involves 
a predetermined angle so as not to intersect the center of 
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rotation) , whereby a position of the patient f s bed at the time 
of upward irradiation is not a lowest position as in the above 
prior art but can rise an amount , which correspond to the above 
eccentricity , somewhat to a position in either direction 
laterally of the lowest position. Also, a position of the 
patient's bed at the time of horizontal irradiation can be 
correspondingly made a position somewhat lower than the other 
lateral position unlike the lateral position (the other lateral 
position in accordance with the above) in the above prior art. 
That is r the patient ' s bed 8 when the rotating irradiation body 
is turned to displace the patient's bed from a position at the 
time of upward irradiation to a position at the time of 
horizontal irradiation moves from the position at the time of 
upward irradiation -* gradually descends to a lowest position 
— > gradually ascends to a position at the time of horizontal 
irradiation. In this manner f since the position of the 
patient • s bed at the time of upward irradiation and the position 
of the patient's bed at the time of horizontal irradiation are 
not a lowest position but can be made a position somewhat higher 
than the lowest position , variation (in other words , difference 
of height between the lowest position and the position at the 
time of upward irradiation or the position at the time of 
horizontal irradiation) of a heightwise position of the 
patient's bed in displacements , that is, the position at the 
time of upward irradiation -* the lowest position -» the position 
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at the time of horizontal ; irradiation can consequently be 
suppressed considerably. 

Meanwhile , in the rotating irradiation body, the 
transport equipment having charged particle beams injected at, 
for example, a diametrically center (axis of rotation of the 
rotating irradiation body) once directs (swings up) the beams 
to a diametrically outer peripheral side, then transports the 
beams a predetermined distance in the axial direction of 
rotating irradiation body, and again directs the beams to the 
diametrically inner peripheral side of rotating irradiation 
body at a distal end to inject the beams into the irradiation 
field forming means. A plurality of deflecting electromagnets 
for directing (deviating) the beams are provided on the beam 
transport path. 

With such construction , in the case where the patient's 
bed is arranged at the center of rotation of the rotating 
irradiation body, and the irradiation field forming means is 
arranged on the diametrically outer peripheral side thereof, 
a distal end of the transport equipment is positioned near the 
diametrically outer peripheral side thereof than the 
irradiation field forming means in order to inject beams into 
the irradiation field forming means . As a result , the transport 
means is shaped to be considerably enlarged toward the 
diametrically outer peripheral side of the rotating 
irradiation body, so that the rotating irradiation body is 
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increased in diameter of rotation. 

Hereupon, according to the invention , the patient's bed 
is arranged on an opposite side of the transport means to the 
axis of rotation, more specifically, on an opposite side of 
the transport means to a plane, which contains the axis of 
rotation and is substantially perpendicular to the axis of 
irradiation. Tliereby, the irradiation field forming means can 
also be made offset an amount, by which the patient's bed is 
offset toward the opposite side of the transport means, toward 
the opposite side of the transport means, with the result that 
the above enlargement toward the diametrically outer 
peripheral side thereof can be reduced. As a result, the 
rotating irradiation body can be reduced by such amount in 
diameter of rotation. 

As described above, according to the invention, the above 
action of reducing the rotating irradiation body in diameter 
of rotation is added to the action of suppressing heightwise 
variation in a position of the patient's bed between the 
position at the time of upward irradiation and the position 
at the time of horizontal irradiation, whereby their multiplied 
effect can suppress heightwise variation of the patient's bed 
(difference of height) to, for example, around 1.5 m at maximum 
through suitable setting of positions of respective parts such 
as eccentric dimension or the like. Thereby, even in a state , 
in which the patient's bed is in the highest position (for 
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example, the position at the time of upward irradiation or the 
position at the time of horizontal irradiation), a physician 
or a technician can perform an irradiation 
preparing/ascertaining work or the like while standing on a 
floor without the use of any specific device, so that 
convenience can be considerably improved. Also, since the 
heightwise position of the patient's bed is suppressed, a 
patient can be enhanced in safety. 

(2) In the above paragraph (1), the patient's bed is 
preferably rotatably suspended and supported by the 
irradiation field forming means. 

Thereby, the patient's bed can be maintained horizontal 
by suitably turning the patient's bed in accordance with a 
rotating position of the rotating irradiation body. Also, there 
is produced an effect that the relative positional accuracy 
between a target point of an affected part and an actual 
irradiation point at the time of irradiation can be maintained 
high. 

(3) In the above paragraph (2), a heavy object is more 
preferably provided on the patient's bed to maintain a posture 
thereof substantially horizontal. 

Thereby , since a center of gravity of the patient's bed 
can be made lower than a position of suspension, the bed can 
be easily maintained horizontal. Also, the bed is made heavy 
whereby it is possible to fulfill the function of a counter 
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weight for the transport means with respect to the axis of 
rotation of the rotating irradiation body. 

(4 ) In the above paragraph (2 ) , there are more preferably 
provided bed driving means for driving the patient' s bed, which 
is rotatably suspended from and supported , to change its 
inclination , inclination detecting means for detecting 
inclination of "the patient's bed, and inclination controlling 
means for controlling the bed driving means in accordance with 
results of the detecting means. 

Thereby , it becomes possible to forcedly and surely 
maintain the bed horizontal or at a predetermined angle. 

(5 ) In the above paragraph ( 1 ) , there are more preferably 
provided a rotating shaft member fixed to the rotating 
irradiation body, a central axis of which shaft member 
constitutes the axis of rotation, and support means for 
rotatably supporting the rotating shaft member. 

With a construction, in which the axis of rotation of 
the rotating irradiation body is constituted by the rotating 
shaft member, it is possible to considerably decrease 
deformation, such as flexure or the like, due to a weight of 
large-sized heavy elements such as the transport means, the 
irradiation field forming means, or the like, as compared with 
the case where such large-sized heavy elements are supported 
by a substantially cylindrical-shaped rotary frame provided 
with no shaft. Thereby, it is possible to prevent that 
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degradation in relative positional accuracy between the target 
point and the irradiation point f which is attributable to the 
flexure or the like and to achieve improvement in accuracy of 
irradiation. Also, the construction provided with a shaft 
enables a shaft member to support load of all the elements of 
the rotating irradiation body whereby a diametrical dimension 
of the rotating - irradiation body can be decreased as compared 
with the case of supporting by means of the substantially 
cylindrical-shaped rotary frame provided with no shaft. 

(6) In the above paragraph (5) , there are more preferably 
provided rotating drive means for rotatingly driving the 
rotating shaft member , rotation detecting means for detecting 
a position of rotation of the rotating shaft member , and 
rotation controlling means for controlling the rotating drive 
means in accordance with results of the detecting means. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a front view showing an entire schematic 
construction of a medical charged particle irradiation 
apparatus according to an embodiment of the invention; 

Fig. 2 is a conceptional view showing an entire 
constitution of a charged particle irradiation therapeutic 
system provided with the medical charged particle irradiation 
apparatus of Fig. 1; 

Fig. 3A is a view illustrating a state , in which vertical 
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irradiation is performed; 

Fig. 3B is a view illustrating a state, in which 
horizontal irradiation is performed; 

Fig. 4 is a view showing a detailed constitution related 
to rotating driving of a gantry and an essential part of the 
constitution shown in Fig. 1; 

Fig. 5 is an enlarged view of a B part shown in Fig. 2, 
representative of a detailed support construction for a 
patient's bed; 

Fig. 6A is a view illustrating a construction near a 
connection between a patient ' s bed and an irradiation field 
forming apparatus at the time of vertical irradiation; 

Fig. 6B is a construction drawing representative of the 
construction near the connection between the patient ■ s bed and 
the irradiation field forming apparatus at the time of 
horizontal irradiation; 

Fig. 7 is a conceptional view showing a path of beams 
in the gantry; 

Fig. 8A is a conceptional view showing a comparative 
example , in which a patient's bed is arranged in a position 
of an axis of rotation of a gantry in a rotary frame; and 

Fig. 8B is a conceptional view showing a comparative 
example , in which an axis of irradiation passes an axis of 
rotation of a gantry. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of the invention will be described below 
with reference to the drawings. 

Fig, 2 is a concept ional view showing an entire 
constitution of a charged particle irradiation therapeutic 
system provided with a medical charged particle irradiation 
apparatus according to an embodiment. 

In Fig. 2, with the irradiation therapeutic system, 
charged particle beams (referred below to as beams ) having been 
accelerated by a charged particle generating device 
(=acceleration device; in this example, a synchrotron but may 
be other acceleration devices such as cyclotron or the like) 
101 in accordance with a treatment plan mapped out in a 
treatment planning device 103 and under the control of a control 
device 100 are output by an irradiation device 102 to be 
irradiated on an affected part of a patient K. The irradiation 
device 102 rotates about an axis of rotation (described later) 
to be able to irradiate beams on the affected part from a 
plurality of directions. 
(1) Construction of a synchrotron 101 

The synchrotron 101 comprises a high-frequency applying 
device 111 for increasing a betatron oscillation amplitude of 
beams through application of high-frequency magnetic field and 
electric field (referred below to as high-frequency 
electro-magnetic field) to beams, deflecting electromagnets 
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112 for bending orbits of beams, four-pole electromagnets 113 
for controlling betatron oscillation of beams, six-pole 
electromagnets 114 for exciting resonance at the time of beam 
emission , a high-frequency accelerating cavity 115 for giving 
energy, that is f accelerating beams, an injector 116 for 
injecting beams into the synchrotron 101, and emission 
deflectors 11 1 for emitting beams from the synchrotron 101. 

When the control device 100 issues an emission command 
to a preaccelerator 104, the preaccelerator 104 
correspondingly emits beams of low energy, which beams are 
conducted to the injector 116 of the synchrotron 101 via a beam 
conveying system to thereby be injected into the synchrotron 
101. The injected beams are bent in path by the deflecting 
electromagnets 112 to go around within the synchrotron 101. 
At this time, beams go around within the synchrotron 101 while 
being caused the four-pole electromagnets 113 to make betatron 
oscillation, the number of which is suitably controlled by 
quantity of excitation of the four-pole electromagnets 113 
whereby beams go around stably within the synchrotron 101. The 
high-frequency accelerating cavity 115 applies a high- 
frequency electric field to beams in the course of going-around 
whereby energy is given to beams to accelerate the beams, so 
that energy is increased. 

When energy of beams going around within the synchrotron 
101 is increased to a predetermined energy E, application of 
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energy to beams by the high-frequency accelerating cavity 115 
is stopped , beams are varied in orbital gradient under the known 
control with the four-pole electromagnets 113, the six-pole 
electromagnets 114 and the high-frequency applying device 111 
to cause resonance to rapidly increase the betatron oscillation 
amplitude , and the emission deflectors 117 cause the 
synchrotron 101 to emit beams. 

In the above operation of the synchrotron 101 , the 
control device 100 determines energy E of beams irradiated on 
the affected part along predetermined directions of 
irradiation (irradiated in a plurality of directions) on the 
basis of a depth of the affected part input from the treatment 
planning device (described in detail later) 103. Also, patterns 
of values of current fed to each of the deflecting 
electromagnets 112, the four-pole electromagnets 113, and the 
high-frequency accelerating cavity il5 and required for 
accelerating beams to energy E in the synchrotron 101, and 
values of current fed to the high-frequency applying device 
111 and the six-pole electromagnets 114 and required for 
emitting beams of energy E are calculated. The respective 
values of current as calculated correspond to energy E every 
device to be stored in a storage means in the control device 
100 to be output to a power source 108 or a power source 109 
at the time of acceleration and at the time of emission. 
(2) Construction of an irradiation device 102 
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An essential part of the invention relates to an 
irradiation device 102. Details of . the device will be 
sequentially described. 

Fig. 1 is a front view showing an entire schematic 
construction of the irradiation device 102 (however, a motor 
9 for rotary driving of a gantry described later and its 
peripheral construction are omitted from the figure) . In Figs. 
1 and 2, the irradiation device 102 comprises a gantry (rotary 
irradiation body) 1 provided with a transport equipment 4, an 
irradiation field forming device 5 and a rotating support 
structure 3, a rotating rod 13 , which is fixed to the gantry 
1 and whose central axis defines a center 2 of rotation (axis 
of rotation) of the gantry 1, a patient's bed 8 turnably 
suspended from and supported on the irradiation field forming 
device 5, a support frame 14 for rotatably supporting the 
rotating rod 13/ and a gantry rotating drive motor 9 for 
generating a rotating drive force for the rotating rod 13. 

The transport equipment 4 provided on the gantry 1 
comprises , for example, deflecting electromagnets, four-pole 
electromagnets or the like (all these are omitted from the 
figure), and permits beams emitted from the synchrotron 101 
to be injected coaxially of the center 2 of rotation (axis of 
rotation) of the gantry 1. The injected beams are first bent 
in orbit by the deflecting electromagnets to be transported 
to a side of the irradiation field forming device 5 with the 
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betatron oscillation adjusted by the four-pole 
electromagnets . 

Also, the irradiation field forming device 5 comprises , 
for example, scanning electromagnets, a scattering body, a 
ridge filter, a bolus, collimator, or the like (all these are 
omitted from the figure) to form an irradiation field so that 
intensity and configuration of beams assume values set by the 
treatment planning device 103. That is, beams conducted into 
the irradiation field forming device 5 first pass between 
magnetic poles of the scanning electromagnets to be deflected 
in a manner to provide for circular scanning in a position of 
the affected part, and then are scattered by the scattering 
body to be enlarged in diameter, after which the ridge filter 
gives energy of beams a distribution conformed to a thickness 
of the affected part. Thereafter, beams are input into the bolus 
to generate an energy distribution conformed to a lower 
configuration of the affected part, and further formed into 
a horizontal configuration of the affected part to be 
irradiated on the affected part. 

At this time, according to a feature of the invention, 
the irradiation field forming device 5 is arranged 
eccentrically (substantially vertically in a reference 
position of rotation (a state shown in Fig. 1) described later) 
such that its axis of irradiation (axis of irradiation) 6 passes 
a different position from the center 2 of rotation of the gantry 
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1 (in other words, does not pass the center 2 of rotation). 
Also, the transport equipment 4 when being in the reference 
position of rotation correspondingly swings beams incident 
from the synchrotron 101 upwardly obliquely toward a radially 
outer periphery, then transports the beams in an axial 
direction of the gantry 1 , and directs the beams substantially 
vertically dowfiward at a distal end to make the beams incident 
upon the irradiation field forming device 5. In addition, a 
counter weight 12 intended for adjustment of weight balance 
is fixed on a side of the rotating rod 13 opposite to the gantry 
1. 

The transport equipment 4 and the irradiation field 
forming device 5 are mounted on the rotating support structure 

3 fixed to the rotating rod 13 (alternatively, the rod 13 may 
be fixed to the support frame 14 and the rotating support 
structure 3 may be supported to be rot at able about the rotating 
rod 13). Thereby, the gantry 1 composed of the rotating rod 
13, the rotating support structure 3, the transport equipment 

4 and the irradiation field forming device 5 are unitary 
together to be rotatable about the center 2 of rotation. 

With the irradiation device 102 in the embodiment, the 
gantry 1 constructed to be rotatable about the center 2 of 
rotation can turn from a vertical irradiation position (= 
reference position, in other words, a position where an axis 
of the counter weight 12 forms an angle 0 = 0° relative to the 
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horizontal, see Fig. 3A described later) where the axis of 
irradiation 6 in the irradiation field forming device 5 as shown 
in Fig, 1 becomes vertical , to a horizontal irradiation 
position (see Fig. 3B described later, in other words, a 
position where 9 = 90°) where the gantry 1 is turned 90° clockwise 
as viewed in Fig. 1 to make the axis of irradiation 6 horizontal) . 
Thereby, it is possible to perform irradiation in a direction 
in the range from irradiation on a patient K lying on the 
patient's bed 8 from vertically upward (corresponding to 6 = 
0° in Fig. 3A) , to irradiation from one sense of a right and 
left direction (righthand in the example in Fig. 1, Fig. 3B) . 
At this time, since irradiation in a direction in the range 
from irradiation on a patient K lying on the patient ■ s bed 8 
from vertically upward, to irradiation from the other sense 
of the right and left direction (lefthand in Fig. 1) is made 
possible by having a patient K lying on the patient's bed 8 
with a head and feet reversed, the above positions are combined 
to enable irradiation on a patient K from all directions 
(vertical irradiation to horizontal irradiation in the right 
and left direction) in the range of 180°. 

In addition, with the present embodiment, the reference 
position of rotation of 9 = 0° is set such that as shown in 
Fig. 1, a height from an installation surface D to the patient ■ s 
bed 8 is minimum at a position of 9 = 45° and maximum at positions 
of 9 = 0° and 9 = 90° (the positions are at the same level). 
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* " * 

In addition , it goes without saying that a patient K gets on 
and off the patient's bed 8 in the position (8 = 45°) where 
the height of the patient's bed 8 is minimum. 

Fig. 4 is a view showing a detailed constitution related 
to rotating driving of the gantry 1 and an essential part of 
the constitution shown in Fig. 1. In Fig. 4, a drive force can 
be transmitted to the rotating rod 13 by connect ingly providing , 
for example , a chain 17 or the like between a pulley 15 fixed 
on a shaft end of the rotating rod 13 and a pulley 16 provided 
on a one shaft end (lefthand in Fig. 2 ) of a rotating shaft 
9a of the gantry rotating drive motor 9 and circulatingly 
driving the chain 17. 

The gantry rotating drive motor 9 is, for example, a known 
servomotor to be driven by a drive command signal output from 
a gantry rotation controller 18 on the basis of a control signal 
from the control device 100 . At this time, arranged on the other 
shaft end (lefthand in Fig. 2) of the rotating shaft 9a of the 
gantry rotating drive motor 9 and made coaxially integral with 
a motor part is a rotary encoder 19 to output to the gantry 
rotation controller 18 a pulse signal (in other words, a 
detection signal of the rotating speed of the rotating shaft 
9a) every a certain minute rotating angle. 

When a direction of irradiation on the affected part of 
a patient K from the gantry 1 is to be set or modified, a control 
signal conformed to the direction of irradiation is output to 
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the gantry rotation controller 18 from the control device 100. 
The gantry rotation controller 18 feedback controls the gantry 
rotating drive motor 9 on the basis of a control signal from 
the control device 100 and a detection signal from the rotary 
encoder 19 so that the gantry 1 comes to a predetermined angular 
position. Thereby , the gantry 1 is rotatingly driven to the 
above-mentioned set angular position to be moved to a position 
where beams can be irradiated on a patient from the above- 
mentioned direction of irradiation. 

In addition , a known inclinometer may be provided 
somewhere on the gantry 1 or the counter weight 12 to input 
its detection signal into the gantry rotation controller 18 
to feedback control the gantry rotating drive motor 9 on the 
basis of the detection signal and a control signal from the 
control device 100. In any events, when coming to a 
predetermined angular position , the gantry 1 is preferably 
stopped in the turning position by, for example, a rotation 
braking brake 20 provided on an outer periphery of the pulley 
15. 

In addition, a rotating drive source for the gantry 1 
is not limited to an electric type one such as the gantry 
rotating drive motor 9 but can make use of hydraulic pressure, 
air pressure or the like, and a drive force transmitting system 
for the gantry can make use of rack and pinion, drive with a 
plurality of gears, belt, spring mechanism or the like other 
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than the above pulley system. Detection of angular positions 
is not limited to an encoder but known aagle meters may be used. 

Meanwhile, the patient's bed 8 is constructed to be able 
to be rotatingly driven so that the patient's bed 8 even when 
being in any position can be maintained horizontal relative 
to the gantry 1, which can assume various rotating positions 
about the center 2 of rotation in the manner described above 
( alternatively , the patient's bed 8 can be inclined at a 
predetermined angle relative to the axis of irradiation 6). 

Fig. 5 is an enlarged view of a B part in Fig. 2, 
representative of a detailed support construction for the 
patient's bed 8. In Fig. 5, bed rotating drive motors 21 , 21 

A 

(mounted in two locations in a longitudinal direction of the 
patient's bed 8) are provided to be coaxial with an axis m of 
rotation of the patient ' s bed 8 in a lower end of the irradiation 
field forming device 5. Shaft ends on one sides (centrally in 
a right and left direction in Fig. 5) of rotating shafts 21a 
of the bed rotating drive motors 21 are inserted into through 
holes 22 provided on bracket portions 8a of the patient's bed 
8 and fixed to the bracket portions 8a by means of stopper 
members 23 , whereby drive force of the gantry rotating drive 
motor 9 is transmitted to turn the patient ' s bed 8 to enable 
changing a relative rotating angle (in other words f an 
inclination) , which the patient's bed 8 forms relative to the 
irradiation field forming device 5. 
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The bed rotating drive motors 21 are, for example , known 
servomotors like the above-mentioned gantry rotating drive 
motor 9 as shown in Fig* 2, and driven by a a drive command 
signal output from a bed rotation controller 24 on the basis 
of a control signal from the control device 100 • 

At this time, arranged on the other shaft ends (both end 
sides in a right and left direction in Fig. 5) of the rotating 
shafts 21a of the bed rotating drive motors are rotary encoder 
units 19 to be made coaxially integral with the motor parts 
and to output to the bed rotation controller 24 a pulse signal 
(a detection signal of the rotating speed of the rotating shafts 
21a) every a certain minute rotating angle. When the posture 
of a patient K is to be set or modified upon setting or 
modification of a direction of irradiation on the affected part 
of a patient K from the gantry 1, a control signal conformed 
to the direction of irradiation is output to the bed rotation 
controller 24 from the control device 100. The bed rotation 
controller 24 feedback controls the bed rotating drive motors 
21 on the basis of a control signal from the control device 
100 and a detection signal from the encoder units 25 so that 
the patient's bed 8 comes to a predetermined angular position 
relative to the irradiation field forming device 5. Thereby, 
the patient' s bed 8 is rotatingly driven to the above-mentioned 
set angular position to be modified in posture to a position 
where beams from the gantry 1 can be irradiated on the affected 
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part from a predetermined direction of irradiation. 

In addition , a known inclinometer may be provided 
somewhere on the patient's bed 8 to input its detection signal 
into the bed rotation controller 24 to feedback control the 
bed rotating drive motors 21 on the basis of the detection 
signal and a control signal from the control device 100. In 
any events , whfen coming to a predetermined relative angular 
position , the above feedback control is preferably continued 
taking account of the shift of center of gravity caused by a 
subtle change in posture of a patient K as far as a patient 
K is loaded on the patient's bed 8. Also, with a view to 
performing irradiation of higher quality , a triaxial moving 
mechanism and a triaxial rotating mechanism may be provided 
on the patient ' s bed 8 . 

In addition , a rotating drive source for the patient's 
bed 8 is not limited to an electric type one such as the bed 
rotating drive motors 21 but can make use of hydraulic pressure , 
air pressure or the like, and a drive force transmitting system 
can make use of rack and pinion, drive with a plurality of gears, 
belt, spring mechanism or the like other than the above direct 
coupling system. Detection of angular positions is not limited 
to an encoder but known angle meters may be used. 

In addition, according to a feature of the invention, 
even when the gantry 1 is in any position (in the range of from 
6 = 0° to 90°) in the direction of rotation and the patient's 
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bed 8 itself is in any position relative to the irradiation 
field forming device 5 in the direction of rotation f the 
patient's bed 8 is arranged on a side opposite to the transport 
equipment 4 with respect to a plane S, which contains the above 
described center 2 of rotation and is substantially 
perpendicular to the axis of irradiation 6 (see Fig. 1 and Figs. 
3A and 3B) . 

Also, at this time, the patient's bed 8 and the 
irradiation field forming device 5 are preferably constructed 
in such a manner that the axis m of rotation of the patient's 
bed 8 corresponds to an actual irradiation point 7 of beams 
as shown in Figs. 6A and 6B even at the time of vertical 
irradiation (a state shown in Fig. 6A; corresponding to Fig. 
3A) and at the time of horizontal irradiation (a state shown 
in Fig. 6B; corresponding to Fig. 3B). 

Further, it is desired that a X-ray receptor be installed 
on an extension of the axis of irradiation 6 beyond the 
patient's bed 8 to constantly face the axis of irradiation 6 
at front ways. Also, it is desired that laser markers for 
positioning be installed in the vicinity of a patient. 

(3) Therapeutic procedure by the charged particle irradiation 
therapeutic system 

An explanation will be given below in detail to the 
therapeutic procedure by means of the charged particle 
irradiation therapeutic system constructed in the above manner 
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and to action of the irradiation device 102. 

The treatment planning device 1Q3 is composed of , for 
example , a computer , a plurality of displays , input device and 
patient's data base (the patient's data base may be separate 
from the device and connected thereto via a network), and has 
the function of assisting a treatment planning work performed 
by a physician as a step prior to an actual irradiation. Here, 
the treatment planning work concretely includes 
identification of the affected part, determination of 
irradiated region and irradiating direction, determination of 
dose of radiation to a patient, calculation of dose 
distribution in a patient's body, and so on. 

(a) Identification of the affected part 
For example, at the time of diagnosis prior to treatment, 
three-dimensional picture image data for lump inside the body 
are beforehand acquired by the X-ray CT examination and MRI 
examination. These data are numbered every patient to be 
preserved and managed as digital data in the patient data base. 
Additionally, recorded and managed in the patient data base 
are all data required for treatment of a patient and composed 
of information such as a patient's name, a patient's number, 
age, body height, body weight, record of medical examination 
and inspection, clinical history, therapeutic history, 
therapeutic data, and so on. A physician can suitably make 
access to the patient data base to acquire picture image data 
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of the above-mentioned affected part to represent the same on 
a display device of the treatment planning device 103 f and so 
can represent the picture image data of the affected part as 
a three-dimensional picture image as viewed from any direction 
or a cross sectional picture image obtained by slicing the 
picture image data every depth in any direction. Also, there 
is provided the function of assisting identification of the 
affected part through emphasizing contrast for each picture 
image, painting out a region with a certain gradation as a 
threshold, and the like. A physician identifies a region of 
the affected part while making use of these assisting 
functions. 

(b) Temporary selection of irradiated region and 
irradiating direction 

Subsequently, a physician operates to determine an 
irradiated region, which envelopes the affected part and allows 
a suitable margin taking account of the possibility that the 
affected part is moved in the body due to respiration or the 
like. Further, a physician selects several (plural) 
irradiating directions (for example, in the range of from 9 
= 0° to 90°) clear of internal organs, such as backbone, of high 
sensitivity to radioactive rays. 

(c) Determination of irradiation filed profile 

An irradiation field picture image as viewed from an 
irradiation direction is displayed on the basis of several 
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selected irradiation directions , and an irradiation filed 
profile covering an entire lump is emphatically displayed, Also, 
a three-dimensional picture image is displayed, and a position 
of a maximum cross section and a three-dimensional 
configuration following the cross section are displayed. These 
picture images are displayed separately in a plurality of 
displays in the display device. At this time, data of the 
three-dimensional configuration following the maximum cross 
section or the irradiation filed profile constitutes 
fundamental data (original data) for an irradiation filed , 
which is reshaped by the irradiation field forming device 5, 
or correction of irradiation. 

(d) Final determination of irradiation direction, dose 
of radiation, and the like 

Based on information of the irradiation filed profile, 
the treatment planning device 103 displays positions of 
respective leaf plates of the collimator in the irradiation 
field forming device and a picture image of a maximum cross 
section of the irradiation filed in layers. At this time, a 
physician determines positions of the leaf plates on the basis 
of the layered picture images, and the result as determined 
is promptly reflected on the display of the display device. 
Thereafter, based on information of positional setting of the 
leaf plates, the treatment planning device 103 simulates a 
radiation dose distribution in the body through calculation 
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to display a result of the calculated radiation dose 
distribution on the display device. At this time, irradiation 
parameters such as radiation dose r radiation energy , or the 
like are given by a physician , the simulation is implemented 
with respect to several irradiation directions selected 
previously, and that irradiation direction , for which the most 
preferable result is obtained , is finally selected by a 
physician. 

In addition , information of setting of the selected 
irradiation directions, information of set positions of the 
leaf plates of the collimator based thereon, data of 
irradiation correcting tools, and irradiation parameters are 
preserved as therapeutic data peculiar to a patient in the 
patient data base. 

(e) Rotating driving of the gantry and the patient's bed 

The control device 100 comprises an input device and a 
display device as interfaces operated by a user, and can acquire 
treatment data of a patient including information of setting 
of irradiation directions determined by the treatment planning 
device 103, through network connection from the patient data 
base subordinating to the treatment planning device 103 and 
display the same on the display device to have the same 
ascertained by a physician. 

At the time of actual irradiation, the control device 
100 outputs, based on the above information of setting of 
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irradiation directions , commands of starting rotation of the 
gantry 1 and the patient's bed 8 to- the gantry rotation 
controller 18 and the bed rotation controller 24 aiming at a 
target point 10 of the affected part (see figs. 1 and 2) 
positioned on the axis of irradiation 6 and serving as an 
irradiation target point for implementation of irradiation and 
responding to input of beginning of irradiation treatment from, 
for example, a physician or a radiological technician engaged 
in assisting a physician's treatment on the basis of the above 
treatment plan. 

The gantry rotation controller 18 serves to output a 
necessary control command to the gantry rotating drive motor 
9, which constitutes a low-order mechanism, in accordance with 
a command from the control device 100, and feedback controls, 
upon receipt of the rotation starting command from the control 
device 100, the gantry rotating drive motor 9 in the manner 
described above to turn the gantry 1 about the rotating rod 
13 (more specifically, on the center 2 of rotation) to move 
the same to a predetermined position of the set direction of 
rotation (set angle). At this time, assuming that a spacing 
between an actual irradiation point 7 and the center 2 of 
rotation is d for the target point 10 of rotation, the 
irradiation point 7 moves in the range of from 0 = 0° to 90° 
drawing an arc of a radius d about the center 2 of rotation 
(see Fig. 1 ) . 
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Likewise, the bed rotation controller 24 serves to output 
a necessary control command to the bed .rotating drive motors 
21 , which constitutes a low-order mechanism, in accordance with 
a command from the control device 100, and feedback controls, 
upon receipt of the rotation starting command from the control 
device 100, the bed rotating drive motors 21 in the manner 
described above to turn the patient's bed 8 relative to the 
irradiation field forming device 5 to maintain the patient's 
bed 8 in a horizontal state (alternatively, the patient's bed 
is set at a predetermined inclination). 

In addition, in the above procedure, information of 
present position of and drive state of the gantry 1 controlled 
by the gantry rotation controller 18, and information of 
present position of and drive state of the patient's bed 8 
controlled by the bed rotation controller 24 are transmitted 
to the control device 100 at all times to be displayed on the 
above display device of the control device 100. 

In addition, the transport equipment 4 constitutes a 
transport means for injecting and transporting charged 
particle beams toward the patient's bed, the irradiation field 
forming device 5 constitutes an irradiation field forming means 
for forming an irradiation field of beams transported by the 
transport equipment, the rotating rod 13 constitutes a rotating 
shaft member, which is fixed to a rotating irradiation body 
and a central axis of which constitutes an axis of rotation, 
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and the support frame 14 constitutes a support means for 
rotatably supporting the rotating shaft member. 

Also, the gantry rotating drive motor 9 constitutes a 
rotating drive means for rotatingly driving the rotating shaft 
member, the rotary encoder 19 constitutes a rotation detecting 
means for detecting a rotating position of the rotating shaft 
member, and the gantry rotation controller 18 constitutes a 
rotation controlling means for controlling the rotating drive 
means in accordance with the detected result. 

Further, the bed rotating drive motors 21 constitutes 
a bed driving means for driving the patient's bed, which is 
rotatably suspended and supported, and changing an inclination 
of the bed, the encoder units 25 constitutes an inclination 
detecting means for detecting an inclination of the patient's 
bed, and the bed rotation controller 24 constitutes an 
inclination controlling means for controlling the bed driving 
means in accordance with the detected result. 
(5) Effect of the embodiment 

The medical charged particle irradiation apparatus 
according to the embodiment, provided in the charged particle 
irradiation therapeutic system gives the following effect. 
(5-1) Capability of upward and horizontal irradiation while 
suppressing a patient's height 

For example , with the above-mentioned construction of 
the prior art, in which a rotary frame provided with an 
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irradiation chamber capable of turning on its axis is rotated, 
a position of a patient ' s bed in a heightwise direction is much 
varied with a circular motion (vertical motion) of the 
irradiation chamber caused by rotation of the rotary frame. 
That is, since a diameter of rotation of an irradiation body 
provided with a transport means and an irradiation field 
forming means is around , for example , 5 m, a lift distance from 
a lowest position of the patient ' s bed for upward irradiation 
to a lateral position of the patient's bed for horizontal 
irradiation in the heightwise direction amounts to about 2.5 
m corresponding substantially to a radius of rotation. 

In contrast , with the irradiation device 102 according 
to the embodiment , the axis of irradiation 6 of the irradiation 
field forming device 5 is made eccentric to pass a different 
position from the center 2 of rotation of the gantry 1 (in other 
words , the axis of irradiation 6 involves a predetermined angle 
so as not to intersect the center 2 of rotation) , whereby a 
position of the patient's bed 8 at the time of upward 
irradiation (corresponding to the position of 0 = 0°) is not 
a lowest position as in the above prior art but can rise somewhat 
to a position (a righthand position in Fig. 1) in either 
direction laterally of a lowest position (corresponding to the 
position of 9 = 45° in the embodiment). Also f a position of 
the patient's bed (corresponding to the position of 9 = 90° 
in the embodiment) at the time of horizontal irradiation can 
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be correspondingly made a position somewhat lowered from the 
other lateral position unlike the lateral position (the other 
lateral position in accordance with the above) in the above 
prior art. 

That is, the patient's bed 8 when the gantry 1 is turned 
to displace the patient's bed from a position (6 = 0°) at the 
time of upward irradiation to a position (0 = 90°) at the time 
of horizontal irradiation moves from the position (9 = 0°) at 
the time of upward irradiation -» gradually descends to a lowest 
position (9 = 45°) gradually ascends to a position (9 - 90°) 
at the time of horizontal irradiation. In this manner, since 
the position (9 = 0°) of the patient's bed 8 at the time of 
upward irradiation and the position (9 = 90°) of the patient's 
bed 8 at the time of horizontal irradiation are not a lowest 
position but can be made a position somewhat higher than the 
lowest position, variation (in other words, difference of 
height between the lowest position (9 = 45°) and the position 
(9 = 0°) at the time of upward irradiation or the position (9 
= 90°) at the time of horizontal irradiation) in a heightwise 
position of the patient's bed in displacements, that is, the 
position at the time of upward irradiation -*> the lowest 
position -» the position at the time of horizontal irradiation 
can consequently be suppressed considerably. 

Meanwhile, in the gantry 1, the transport equipment 4 
having charged particle beams injected at the center 2 of 
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rotation of the gantry 1 once directs (swings up) the beams 
to a diametrically outer peripheral side as conceptionally 
shown in Fig. 7 , then transports the beams a predetermined 
distance in the axial direction of the gantry 1, and again 
directs the beams to the diametrically inner peripheral side 
of the gantry 1 at a distal end to inject the beams into the 
irradiation field forming device 5 • The plurality of deflecting 
electromagnets for directing (deviating) the beams are 
provided on the beam transport path as described above. With 
such construction, in the case where the transport equipment 
4 is provided in a substantially cylindrical-shaped rotary 
frame rotatably supported , the patient's bed 8 is arranged at 
the center 2 of rotation of the gantry , and the irradiation 
field forming device is arranged on the diametrically outer 
peripheral side thereof as in the above prior art, a distal 
end of the transport equipment 4 is positioned, as 
conceptionally shown in Fig. 8A, near the diametrically outer 
peripheral side thereof than the irradiation field forming 
device 5 in order to inject beams into the irradiation field 
forming device 5. As a result, the transport equipment 4 is 
shaped to be considerably enlarged toward the outer peripheral 
side of the gantry 1, so that the gantry 1 is increased in 
diameter of rotation. 

Meanwhile, in the case where the axis of irradiation 6 
passes through the rotating shaft of the gantry and the 
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patient's bed 8 is arranged nearer the diametrically outer 
peripheral side thereof (an opposite side of the transport 
equipment 4) than a position of the center 2 of rotation of 
the gantry in the rotating frame as conceptionally shown in 
Fig. 8B, the irradiation field forming device 5 can also be 
made offset an amount , by which the patient's bed 8 is offset 
toward the opposite side of the transport equipment 4, toward 
the opposite side of the transport equipment 4 (a lower side 
in Fig. 8B), as understood in comparison with Fig. 8A, with 
the result that the above enlargement toward the outer 
peripheral side thereof in the diametrical direction can be 
reduced. As a result, the gantry 1 can be reduced by such amount 
in diameter of rotation as shown in Fig. 8B. 

Also, in the embodiment, the same effect as in 
comparative example shown in Fig. 8B can be obtained since the 
patient's bed 8 is arranged nearer the opposite side of the 
transport equipment 4 than the position of the center 2 of 
rotation, more specifically, on the opposite side of the 
transport equipment 4 (a lower side in Fig. 8B) with respect 
to the plane, which contains the above center 2 of rotation 
and is substantially perpendicular to the axis of irradiation 
6. 

As described above, according to the embodiment, the 
above action of reducing the gantry 1 in diameter of rotation 
is added to the action of suppressing heightwise variation in 
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a position of the patient's bed 8 between the position (G = 
0°) at the time of upward irradiation .and the position (0 = 
90°) at the time of horizontal irradiation, whereby their 
multiplied effect can suppress heightwise variation of the 
patient's bed 8 (difference of height from the position 9 = 
45° to the position 6 = 0° or 90°) to around 1.5 m at maximum 
through suitable setting of positions of respective parts such 
as eccentric dimension of the axis of irradiation 6 or the like. 
Thereby, even in a state, in which the patient's bed 8 is in 
the highest position (the position 9=0° at the time of upward 
irradiation and the position 9 = 90° at the time of horizontal 
irradiation), a physician or a technician can perform the 
irradiation preparing/ascertaining work or the like while 
standing on a floor without any specific separate device, so 
that convenience can be considerably improved. Also, since the 
heightwise position of the patient's bed 8 is suppressed, a 
patient can be enhanced in safety. 

(5-2) Improvement in accuracy of irradiation or the like 

In the case of that construction, in which respective 
constituent elements of the gantry 1 are arranged in, for 
example, the substantially cylindrical-shaped rotary frame as 
illustrated in the above paragraph (5-1 ) with reference to Fig. 
8A, large-sized and heavy articles such as the transport 
equipment 4, the irradiation field forming device 5 or the like 
are supported by the substantially cylindrical-shaped rotary 
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frame provided with no shaft. Therefore, it is difficult to 
suppress generation of that deformation , such as flexure or 
the like, in the rotary frame, which is caused by their weights, 
and consequently it is difficult to prevent that degradation 
in relative positional accuracy between the target point 10 
of rotation and the irradiation point 7, which is attributable 
to the flexure* or the like. 

In contrast, with the irradiation device 102 according 
to the embodiment, the construction with a shaft, in which the 
respective constituent elements of the gantry 1 are fixed to 
the above rotating rod 13, can reduce generation of flexure 
or the like in comparison with the above construction, in which 
load is born by the rotary frame. Thereby, degradation in 
relative positional accuracy between the target point 10 and 
the irradiation point 7 can be prevented and irradiation 
accuracy can be improved. 

The construction with a shaft, in which load of all the 
members of the gantry 1 can be supported by the rotating rod 
13, can take effect in reducing the diametrical dimension of 
the gantry 1 as compared with the case of supporting by means 
of the substantially cylindrical-shaped rotary frame provided 
with no shaft, shown in Fig. 8A. 
(5-3) Miniaturization of a building 

As described in the above paragraph (5-1), according to 
the embodiment, the charged particle irradiation apparatus 102 
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can be reduced in size as a whole since the diameter of rotation 
(in other words, a diametrical dimension) and axial dimension 
of the gantry 1 can be reduced. Thereby, for example, in the 
case where the synchrotron 101 is installed on an ordinary floor 
surface F with its beam injecting axis corresponding to the 
center 2 of rotation of the gantry 1, it is not required that 
a level of the installation surface D, on which the irradiation 
apparatus 102 is installed, be so much lower than the floor 
surface F, and a semi-underground construction will do. 
Accordingly, while for example, the constitution shown in Fig. 
8A requires a three-floor construction or so as a building for 
receiving the synchrotron 101 and the irradiation apparatus 
102, the entire building can be considerably reduced in 
dimension (in particular, heightwise dimension). 
(5-4) Lightening of the irradiation apparatus 

The construction, in which the irradiation field forming 
device 5 is made offset and enlargement of the transport 
equipment 4 is correspondingly reduced as described in the 
above paragraph (5-1), makes it possible to make the position 
of gravity of the entire irradiation apparatus 102, which is 
provided with the transport equipment 4 and the irradiation 
field forming device 5, close to the center 2 of rotation as 
compared with the constitution shown in, for example, Fig. 8A. 
Thereby, the necessity of the counter weight 12 required for 
balancing of weight is decreased, and so lightening of the 
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irradiation apparatus 102 pan be achieved correspondingly. 
(5-5) Others 

CD Utilization of unused space 

With the irradiation device 102 in the embodiment f a 
large space is ensured above a patient K in the position 0 = 
90° at the time of horizontal irradiation (see Figs, 1 and 3B) , 
so that a X-r^y CT examination apparatus or the like is 
installed in this position to perform CT photographing without 
having a patient K getting off the patient ■ s bed 8 . In addition f 
as measures of utilizing this space, a device for charging and 
setting equipments , such as bolus , collimator , or the like, 
which are provided on the irradiation field forming device 5 
and must be exchanged or set every patient, can be mounted in 
the above position. 
© No weight limit for the bed 

In the case of that construction, in which respective 
constituent elements of the gantry 1 are arranged in, for 
example, the substantially cylindrical-shaped rotary frame 
shown in, for example, Fig. 8A, as described in the above 
paragraph (5-2), it is desirable to make the patient's bed 8 
as lightweight as possible in terms of suppressing degradation 
in accuracy of irradiation. In contrast, with the irradiation 
device 102 in the embodiment, it is possible to fulfill the 
duties as a counter weight for the transport equipment 4 and 
the irradiation field forming device 5, so that a heavy load 
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is not problematic and therefore there is no weight limit. 

In addition, the above embodiment uses the drive force 
of the gantry rotating drive motor 9 to forcedly rotatingly 
drive the patient's bed 8 in order to maintain the patient* s 
bed 8 in a horizontal state irrespective of , for example, a 
rotating position of the gantry 1 (9=0° to 90°), but is not 
limited thereto. That is, the patient's bed 8 may be freely 
rotatably suspended from and supported by a lower end of the 
irradiation field forming device 5, and a heavy object (weight 
or the like) may be provided on the patient's bed 8 to have 
its weight naturally maintaining the patient's bed 8 in a 
horizontal posture. Also, it goes without saying that the 
patient's bed 8 be manufactured from a heavy material to be 
made a heavy object. In these cases, the function as a counter 
weight for the transport equipment 4 and so on as described 
in the above © is further increased. 

Also, according to the above embodiment, the rotating 
angle of the gantry 1 is in the range of from 8 = 0° to 90° but 
is not limited thereto. That is, a little wider range, for 
example, 6 = 0° to 120°, can be adopted by suitably setting the 
positional relationship between the center 2 of rotation of 
the irradiation device 102 and the irradiation point 7. Also, 
on the contrary, a range narrower than 90° can be adopted, in 
which case, for example, horizontal irradiation and 
irradiation in a direction close thereto suffice to be made 
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by inclining the patient's bed 8 a little angle (in the order 
of not compelling a patient to assume an unnatural posture) 
for compensation for insufficiency in the rotating angle of 
the gantry 1. in the examination performed by the inventors 
of this application, when at lease rotation in the range of 
from 9 = 0° to 60° is possible, adjustment of an inclination 
by means of rotating driving of the patient 1 s bed 8, and 
position and direction f in which a patient is loaded, make it 
possible to actually irradiate charged particles on the 
affected part from a sufficiently multiplicity of angles. 

According to the invention, the action of suppressing 
heightwise variation in a position of the patient's bed 8 from 
the position at the time of upward irradiation to the position 
at the time of horizontal irradiation, and the action of 
reducing the rotary irradiation body in diameter of rotation 
present a multiplied effect to suppress heightwise variation 
of the patient's bed (difference of height) to around 1.5 m 
at maximum provided that positions of respective parts such 
as eccentric dimension or the like are suitably set. 
Accordingly, even in a state, in which the patient's bed is 
in the highest position (the position at the time of upward 
irradiation and the position at the time of horizontal 
irradiation), a physician or a technician can perform the 
irradiation preparing/ascertaining work or the like while 
standing on a floor without any specific separate device, so 
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that convenience can be considerably improved. Also, since the 
heightwise position of the patient's bed is suppressed, a 
patient can be enhanced in safety. 

Also, the charged particle irradiation apparatus can be 
reduced in size as a whole since the diameter of rotation (in 
other words, a diametrical dimension) and axial dimension of 
the rotary irradiation body can be reduced. Thereby, there is 
produced an effect to enable considerably reducing a space, 
in which a charged particle irradiation apparatus is ordinarily 
installed having a beam injecting axis corresponding to a 
center of rotation of a rotating irradiation body, and a 
dimension (in particular, a heightwise dimension) of an entire 
building for receiving the charged particle irradiation 
apparatus and a charged particle generating apparatus . 

Further, the construction, in which the above 
irradiation field forming means is made offset and enlargement 
of the transport means is correspondingly reduced, makes it 
possible to make the position of gravity of the entire medical 
charged particle irradiation apparatus close to the center of 
rotation as compared with the constitution, in which an 
irradiation field forming means is diametrically arranged on 
an outer peripheral side of a patient's bed with a position, 
in which a patient's bed is arranged, as a position of an axis 
of rotation of a rotating irradiation body. Thereby, there is 
produced an effect that, for example, a counter weight required 



in the above-mentioned construction is made unnecessary , or 
the necessity therefor is reduced, and lightening of the 
medical charged particle irradiation apparatus can be achieved 
correspondingly • 
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